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sp. The animals were especially abundant in drifts consisti of submerged aquatic plant detritus, In 
laboratory feeding experiments the animals consumed more detritus of submerged aquatic plants than 
aquatic p! 


Several invertebrate groups are saprophagous, thus contributing to the decomposi- 
tion of dead plant material. Most A san to clarify their Sek in this process 
have been done in systems where both the decomposer organisms and their food 
source were of the same origin, aquatic or terrestrial. Freshwater streams are perhaps 
exception, since the fate of allochtonous plant material (mainly leaf litter) in these 

has been extensively studied (e.g. CUMMINS, 1973; KAUSHIK and HYNES, 
1971; KOSTALOS and SEYMOUR, 1976; IVERSEN, 1974; ARSUFFI and SUBERKROPP, 
1985). Much less is known about the reverse situation: the importance of aquatic detri- 
tus in the diet of terrestrial organisms. 

Dead plant material can be washed ashore by waves building up drift belts. 
Depending on the moisture conditions determined by water level and wave action, 
these drifts still harbour some aquatic organisms while, at the same time, they are 
colonized by terrestrial animals. This special habitat is not stable. It can be washed 
back into the water, and to the shore again, and the cycle may continue for years 
(SEBESTYEN, 1957). 

The origin and fate of these drifts in the Lake Balaton, the largest lake in Central 
Europe, have been studied for many years (SEBESTYEN, 1942, 1943, 1949, 1957; ENTZ 
etal., 1942). During the 1930-s and 40-s, when most of the field observations were car- 
ried out, detritus drifts were abundant in the supralittoral. 
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trial iso especially if the plant material is sufficiently moist. Since this group is 
primarily saprophagous, they may utilize this special habitat as shelter, and/or as food 
source, I examined this possibility in laboratory experiments, and the results of this 
study are reported here. 


pons the terrestrial organisms particularly abundant in detritus drifts are terres- 


Material and methods 
Study site 


A natural lakeshore area with large detritus drift patches was found on the southem 
shore of the Lake Balaton. An approximately 500 m long shore was chosen between 
the villages Balatonméria and Balatonberény. Here the detritus drifts are surrounded 
by reed and, on the higher regions, by a planted oak-poplar-pine forest stand. 


Distribution of isopods 


Iso were collected by singling on several occasions during summer 1983. In 
September a brief survey was carried out to determine the pattern of local distribution 
of the animals. Two kinds of detritus patches could be distinguished on the study site: 
one consisting mainly of submerged aquatic vegetation (SAV hereafter) such as 
Potamogeton and Myriophyllum; the other consisting of emerged aquatic vegetation 
(EAV), mainly Phragmites. Three patches of the former and one of the latter type were 
chosen for the survey. Due to wave action and irregular flooding drift habitats are con- 
tinuously changing. Therefore neither pitfall traps nor the quadrat method could be 
applied to assess isopod densities. I SS? BRERETON’s method (BRERETON, 1957), in 
which animals were collected by singling for a certain time period. Each person spent 
fifteen minutes searching and collecting in each patch. The animals were later identi- 
fied in the laboratory, and data of the separate collections were pooled. Obviously this 
method can be applied for estimating relative population density only. For identifica- 
tion of the isopods the monographs by GRUNER (1966), SCHMOLZER (1965) and 
WACHTLER (1937) were used. 


Feeding experiments 


The two types of detritus (SAV and EAV) were sampled and offered to the isopods 
in laboratory feeding experiments. Four species, Armadillidium vulgare LATR., A. 
versicolor STEIN, A. zenckeri BRDT. and Trachelipus rathkei BRDT. were chosen for the 
experiments. They were collected on the study site during summer 1983. In the labora- 
tory the animals were kept on a mixed diet. They were starved 48 hours prior to the 
experiment. Armadillidium versicolor received only SAV detritus, because the labora- 
tory population died before experiment with EAV detritus were carried out. 

e experiments were carried out in clay flower pots of 8 cm diameter. The pots 
were soaked in water until saturation before the previously weighed food and animals 
were placed into them. The pots were then covered with fine mesh-cloth and sunk into 
wet sand to maintain optimal moisture conditions (GERE, 1958). Further details of 
the experimental setup are summarized in Table 1. The temperature during the experi- 
ments was 17 + 2°C. Five control pots were also set up to assess detritus weight loss 
due to microbial activity. At the end of experiments the feces were removed from the 
BEERE food, which was then reweighed. The live weight of the isopods was also de- 
termined. 
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Table 1. The experimental setup for feeding experiments. 
(Abbreviations: SAV: submerged aquatic eg vegetation, EAV: emerged aquatic vegetation) 


Live weight per Duration 
animal {mewn=SD) = CZ — of "en 
say 


31.443.2 


81.247.1 


20.842.5 


19.342.3 


To determine the moisture content of both the initial and the remaining food, 
plant detritus was dried on 105 C until constant weight. Consumption values are ex- 
pressed in mg absolute dry weight food eaten/g live weight animals/day. 

Food consumption (C) was calculated by using the REIMAN-formula (ZICSI and 


POBOZSNY, 1977): 
C= Moms , where 


S: initial weight of detritus, m: remaining weight of detritus in the feeding experi- 
ment, M=S*D, where D is the percentage weight of detritus remaining in the control. 


Results 
Species composition 
The following terrestrial isopods were found in the lakeshore area: 
Hyloniscus sp. 


All 39 specimens collected were females; therefore exact identification was not 
possible. Members of this genus are known to be extremely sensitive to humidity and 
they occur in moist habitats. 


Porcellium collicola VERHOEFF, 1907 


Only one specimen was caught. The species is known to occur in a wide spectrum 
of plant communities and moisture conditions in Hungary (e.g. LOKSA, 1961, 1971; 
SZLAVECZ, 1988; ALLSPACH and SZLAVECZ, 1991). 


Trachelipus rathkei (BRANDT, 1833) 


This is a ubiquitous, very expansive species occurring in many different natural 
habitats. Trachelipus rathkei is also common around human settlements. In Hungary 
it has previously been reported from reed communities (LOKSA, 1973; SZLAVECZ, 
1991). 
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Table 2. Analysis of variance for the nsumption values of i i 
(Abbrevations: SAV: Sen? eeneg Me mee wees cen) 


Between Groups 12962.36 
Within Groups 9780.47 
Total 22742.83 


of variation 
Between Groups 


Within Groups 
Total 


Armadillidium vulgare (LATREILLE, 1804) 


Armadillidium vulgare is a cosmopolitan, ubiquitous species, that occurs in many 
natural systems and human environments. 


Armadillidium versicolor STEIN, 1859 


This lakeshore population belongs to the northern variety of the species, A. ver 
sicolor quinqueseriatum (VERHOEFF, 1901). Armadillidium versicolor quinqueseria- 
tum is reported to occur in loess terraces, under stones and treetrunks (WACHTLER, 
1937). Otherwise nothing is known on the natural history of this species. 


Armadillidium zenckeri BRANDT, 1833 


Armadillidium zenckeri is one of the most frequently falsely identified pillbugs, 
therefore data on its distribution have to be treated cautiously (SCHMOLZER, 1954). 
The generally accepted area of distribution of the species is northeastern Central 
Europe, and it is probably a boreo-alpine faunal element (WACHTLER, 1937). The 
species occurs in moist to very wet habitats, such as beach forests, alder-bogs, marshy 
meadows. It is capable of staying underwater for several days without drowning. Ar 
madillidium versicolor and A. zenckeri are so similar to each other in appearance, that 
they could be clearly distinguished from each other only under microscope. I found 
the shape of the head lateral lobes to be the most usetul character to separate live 


specimens. 
Distribution of isopods 


A total of 184 ropo were caught during the survey, a fairly large number con- 
sidering that the search lasted only a short time. Both species composition and abun- 
dance (Fig. 1) varied in the different detritus patches (x?=118, P<0.001). Only one 
or two species dominated each , the others were represented with very low num- 
bers. Hyloniscus was the dominant isopod in the EAV patch. In the SAV detritus 
patches either Armadillidium versicolor or A. zenckeri was dominant, but these species 
did not occur together in equal abundances. Neither Armadillidium vulgare, nor 
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Porcellium collicola were abundant in the detritus drifts. Although we were able to col- 
lect A. vulgare in this habitat, it was clearly outnumbered by its two congenerics, A. 
zenckeri and A. versicolor. A. vulgare appeared to be more abundant in the oak-poplar 
forest stand that surrounds the study site (SZLAVECZ, pers. obs.). Trachelipus rathkei 
seems to be more evenly distributed among the patches. 


SS E uge sp. 
GE 8 


A zenckeri 


Abundance 


e A E SÉ MEY A versicolor 
KZ ET Y Ku (J 
A P A D D Æ P. leng 


SAVI SAV2 SAV3 EAV 


Fig. 1. Distibution of isopods in four detritus drift patches. On the vertical axis the number of isopods 
caught is shown. Abbreviations: SAV: submerged aquatic vegetation; EAV: emerged aquatic vegetation 


Feeding experiments 


Mortality was very low (usually less then one percent) during the experiments. 
Food intake varied, depending on the isopod species and the food type. Armadilli- 
dium versicolor has the highest consumption rate. Armadillidium vulgare and A. 
zenckeri consumed more SAV than EAV detritus. Trachelipus rathkei consumed both 
food types equally (Fig. 2). 

The different species consumed different amounts of both food types (Tab 2). The 
multiple comparison test (Tab. 3) revealed, that for SAV detritus this is mainly due the 
two species (Armadillidium versicolor and A. zenckeri) with the highest consumption 
values. On EAV detritus A. vulgare behaved differently from the two other species. 
Trachelipus rathkei and A. zenckeri consumed equal amounts of this food type. 

Isopods were able to grow on a diet of SAV detritus, on EAV detritus all three 
species lost weight (Fig. 3). Growth and food consumption were positively correlated 
(SPEARMAN rank correlation, r,=0.79, P < 0.05). 
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Table 3, Comparison among food consumption values of the isopods. Stars denote pairs of species with 
a significantly different values at 0.05 level | (multiple range test, Tukey’s honestly sere mate he 
bbreviations: % submerged tic itus; EAV: emerged aquatic detritus; Tra: Trachelipus r G 
Avu: Armadillidium vulgare; Aze: A. zenckeri; Ave: A. versicolor Pp 


Discussion 
Detritus drifts as habitats 


A total of six species were found in the lakeshore detritus. Two of them (A. vulgare, 
T rathkei) are ubiquitous, occurring in both natural and human environments. P colli- 
cola also can be found in a wide range of habitats. The three remaining species are more 
restricted to moist conditions. The large number of animals we found in these detritus 
patches at any time of collection shows that this habitat is favoured by terrestrial iso- 
pods. Feeding experiments indicate that reed detritus seems to be a moist shelter rather 
than a food source, whereas SAV serves as both. 

The population s shows that isopods are patchily distributed not only due 
to habitat heterogeneity, but perhaps species interaction as well, indicated by clear 
differences in species composition among patches, especially distributions of Armadil- 
lidium versicolor and A. zenckeri. Naturally, this data set can be considered as prelimi- 
nary, a more systematic survey is needed. 


Detritus drifts as food source 


Marine macrophytes and marcoalgae are of primary importance in the diet of 
many marine isopod species (NICOTRI, 1980; GROENENDIJK, 1984; ROBERTSON & 
MANN, 1980). Intertidal and supralittoral isopods also depend on this food source 
(ARRONTES, 1990; CAREFOOT, 1973; KOOP & FIELD, 1980; HAMNER et al., 1969). 
Terrestrial isopods are known to feed on a variety of woody and herbaceous litter 
material (see WARBURG, 1987, for review). Knowledge on the possible significance of 
terrestrial species in the decomposition of freshwater detritus, owever, is very sparse. 
The present experiment demonstrated that detritus of submerged aquatic vegetation 
is a desirable food type for isopod species. Food intake was especially high for 
Armadillidium zenckeri and A. versicolor uinqueseriatum, the two species that are 
strongly associated with detritus drifts as habitat. It is important to point out, that the 
detritus itself is an extremely heterogenous material, consisting of not only the plant 
detritus itself, but microorganisms, Agee, a wide array of live animals and animal rem- 
nants and inorganic particles (ENTZ et al, 1942; SEBESTYÉN, 1949, 1957; GELLERT A 
TAMAS, 1959). Further studies are needed to clarify the exact role of these compo- 
nents in the nutrition of isopods. 
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POBOZSNY (1988) analyzed the main chemical components of aquatic macro- 
phyte detritus. SAV drifts contained approximately five times more nitrogen (and 
crude protein) than EAV drifts. On the other hand, the cellulose content of the latter 
is almost ten times greater than that of the SAV. The total organic matter content of 
the former was also higher, and, due to differences in both the organic matter content 
and nitrogen content, the C/N ratio showed great differences between the two food 
types (21.0 and 166.5 for SAV and EAV detritus, respectively). Obviously SAV is a 
much better quality food, and this is reflected not only by the food consumption 
values, but, what is perhaps a better indicator, by the growth of the animals during the 
experiment. All isopod species lost weight while being fed EAV detritus regardless of 
the amount eaten. The case of T. rathkei is especially interesting. There was no signifi- 
cant difference between the two food consumption values of this species yet its growth 
was positive in the SAV experiments and negative in the EAV experiments. Differences 
in percentage growth clearly reflect different assimilation efficiencies on the two food 
types. 

There is a millipede species, Glomeris hexasticha, in the study area. Its primary 
habitat is the forest stand, but in certain times of the year it becomes very abundant 
in the detritus-drifts (POBOZSNY, 1988). Food intake by this diplopod was also much 
higher on SAV than on EAV detritus. Consumption values by Glomeris (23—55 
mg/g/day and 8.6—14.3 mg/g/day for SAV and EAV detritus, respectively) were 
within the range obtained for isopods (Fig. 1). 


Conclusions 


Aquatic plant detritus plays an important role in the ecology of terrestrial isopods 
inhabiting shore areas. The sand beach isopod, Flos punctatus, is strictly nocturnal. 
After emerging from the sand the animals move seawards to search for tood. In Baja 
California, Mexico, the most abundant food source of the species is the kelp Macro- 
cystis washed ashore. The Flos population there is capable of skeletonizing many 
meters long debris overnight (HAMNER et al., 1969). In the study of KOOP and FIELD 
(1980) kelp debris was also the major food source for the supralittoral isopod, Ligia 
dilatata. In Cape Peninsula, South Africa, the season of highest food availability coin- 
cided with highest growth rate of Ligia, and it was followed by the breeding period. 
Since physical environment is fairly uniform there, the result suggests that food 
availability is a major factor governing the life cycle of the isopods. 

The detritus drifts at Lake Balaton also serve as moist habitat and/or food source 
for the animals, At the same time, by consuming large amounts of submerged aquatic 
detritus, terrestrial isopods contribute to the decomposition and humification of dead 
aquatic plant material. By being washed ashore, detritus drifts represent a large frac- 
tion of organic material removed from the lake. It is therefore very unfortunate, that 
a year after this study — similarly to most parts on the southern shore Lake Bala- 
ton — a dam of concrete blocks was built on our study site thus interrupting the 
exchange of material and energy between terrestial and aquatic systems. 
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